INTRODUCTION
At the present time there exists a very wide divergence of opinion regarding the state of the water in biological fluids and in solutions of the lyophilic colloids. On the one hand it is held that the colloidal material in these solutions is hydrated to a high degree and that the water "bound" by the colloids in this way differs in solvent properties from water in bulk. This point of view is well illustrated by the following quotation taken from a recent review by Gortner (1) : " . . . . more and more it is becoming evident that the water in living tissues and even in inanimate colloidal systems does not exist wholly as "free" water such as characterizes water in bulk, . . . . a greater or smaller fraction of the water is intimately "bound" to the organic structures and becomes an essential part of the disperse phase as contrasted with the free water of the dispersion medium."
The opposite point of view is that all but a small fraction of the water in the biological and colloidal systems is in its usual solvent state. Thus, A. V. Hill (2) , Grollman (3) , and Sunderman (4) have, in recent investigations, come to the conclusion that the "free" water of blood, blood corpuscles, muscle, egg white, and various other protein solutions is nearly equal to the total water content in these systems. The status of the subject is rendered even more unsatisfactory by the wide divergence in the values of the "bound" water found in the same systems by the use of the different means that have been suggested for estimating the state of the water. Concretely to illustrate this, we have collected in Table I the published figures for the " b o u n d " w a t e r in gelatin solutions as determined b y the various methods. Gelatin was chosen for this illustrative table because it has been extensively studied. M a n y other colloidal systems m i g h t equally well have been selected. T h e table gives the m e t h o d used, the content of gelatin, Thoenes (6) Jones and Gortner (7)
Svedberg (9) Burk and Greenberg (10) Kunitz (11) the value found for " b o u n d " water per g r a m of gelatin, and the authors who carried out the investigation. F r o m the table it is seen, and this is equally true for other systems extensively investigated, t h a t there is no agreement whatsoever on the a m o u n t of w a t e r " b o u n d " b y the gelatin in solution.
The disagreement in p a r t is no d o u b t due to the different physical properties t h a t are measured b y the various methods, b u t there is no agreement even with the same procedure. It is seen in Table I , for example, that Thoenes, Jones and Gortner, and Moran each report different values of the "bound" water by the freezing out method. Hill states that various methods of defining "free" water are possible and that the different definitions do not necessarily coincide with each other. He defines the "free" water fraction as the weight of water in 1 gm. of fluid or tissue which can dissolve substances added to it with a normal depression of the vapor pressure. Any definition of "free" water, it is readily seen, is inherent in the physical nature of the particular experimental procedure employed and the statement that various ways of defining "free" water are possible simply signifies that the different experimental methods which have been devised for determining the state of the water do not measure the same intrinsic physical property.
Since all the colligative properties of a solution are thermodynamically interrelated, and with sufficient data are calculable one from the other, Hill's definition can be made more general by changing it to state that the weight of water in 1 gin. of fluid or tissue which can dissolve substances added to it with a normal change in colligative properties is the "free" water. The "bound" water, it follows, is the water in the system which has lost its normal solvent properties.
On this reasoning, many of the procedures that have been used for determining the state of the water in biological and colloidal systems are identical in principle and should give the same results for the fractions of "free" and "bound" water present. It seems strange then that in the hands of one group of investigators, methods based on the same thermodynamic principles should indicate high values of" bound" water in systems in which another group of investigators find practically no "bound" water. The answer to the difficulty here would seem to lie in the correct interpretation of the experimental results obtained. That this interpretation is not above question is indicated by the fact that the significance of the results of the two chief methods in use, the freezing point lowering method of Newton and Gortner (12) and the vapor pressure lowering method of Hill (2), have recently been the subject of dispute.
GroUman (3) thinks that Newton and Gortner did not apply a sufficient correction for the water taken up for hydration by the sucrose used as the reference substance by these authors, while Sunderman (4) and Briggs (13) conclude that no correction whatsoever should be made for the hydration of the sucrose. Hill's method comes under question in two ways. In this method there is actually measured the temperature difference between the unknown and the reference solution due to an evaporation of water from one and a condensation on the other. This temperature difference, it is assumed, is proportional to the vapor pressure difference between the two solutions. It is possible that this proportionality may not always hold with some of the complex systems investigated. Another objection against Hill's figures is based on Briggs' reasoning (13) that the absolute amount of water associated with a colloid ("bound" water) varies with the activity coefficient of the water with which it is in equilibrium and is not a constant fraction of the total water. Since the activity coefficients of the water in the systems studied by Hill were not considered, the values of the "bound" water estimated were lower than the true amounts. The reader is referred to Briggs' paper for the complete argument, which is too involved and extensive to be given in detail here.
On reading over the literature on the subject, the impression becomes strong that the controversy is due largely to a failure in some quarters to appreciate the wide deviation in colligative properties of the systems under consideration from those of an ideal solution. The "bound" water hypothesis attempts to account for the departure from the ideal solution laws in systems containing colloids in a manner analogous to the hypothesis of hydrates in solution which, at a little earlier period, had considerable vogue in explaining the deviation of crystalloid solutions from ideal solution laws (14) . This is simply and iUuminatingly illustrated by the directly measured osmotic pressures of both protein solutions and certain crystalloids such as sucrose. As has been pointed out, among others by Burk and Greenberg (10) , the osmotic pressure of even isoelectric protein solution departs from van't Hoff's law starting with very dilute solutions and with crystalloids such as sucrose at higher molal concentrations. The departure from van't Hoff's law both for the proteins and the crystalloids has been attributed to the formation of hydrates with the solute and thus a loss of solvent properties by a portion of the water present. This explanation was favored by Burk and Greenberg. But it is equally plausible, and more in harmony with the results to be given below, that the departure from van't Hoff's law is due to other causes for the deviation from the ideal solution laws than the formation of hydrates.
For these reasons, an independent method for determining the state of water, free from the difficulties of interpretation of the procedures based on the measurement of colligative properties of solutions, would be of great value in testing the "bound" water hypothesis. With colloidal solutions, such as are here our concern, properly carried out ultrafiltration experiments offer such a method.
EXPERIMENTAL
The generally accepted criterion of "bound" or hydrate water is that it has lost its normal solvent properties. Accordingly, if a crystalloidal reference substance is added to a colloidal solution it should distribute itself only in the "free" water of the solution. If a portion of the solution is ultrafiltered through a membrane which permits only the passage of the solvent and other crystalloids, holding back the colloidal constituents, the concentration of the reference substance in the ultrafiltrate liquor becomes a measure of the "free" water in the colloidal solution provided certain criteria given below are met. The calculation of the "bound" water from such an experiment may be made as follows. Let CT be the concentration of the reference substance per 1 gin. of total water in the system, P the amount of the colloid per gm. of total water, and k the "bound" water per gm. of colloid. Then the concentration of the reference substance with respect to "free" water is given by
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C,, from what has been said, is the concentration per gin. of water of the reference substance in the ultrafiltrated liquid. From this the bound water per gin. of colloid in the solution is given by
k =~ 1 -
T h e conditions that may invalidate this method are that a part of the reference material reacts with or is adsorbed by the colloid. In such an event the reference substance would filter out in a lower concentration than its value present in the original solution. The other difficulty that may arise is one pointed out in the first publication of this series (15) . If an electrolyte is used as the reference material when the colloid carries an electric charge, the ultrafiltration, as was there shown, becomes analogous to a Donnan membrane distribution and the conditions necessary for evaluating the state of the water fail. From this it follows that a non-electrolyte must be employed as the reference compound except in systems in which the colloidal constituents are uncharged.
The method proposed here for determining the state of the water was suggested by McBain and Jenkins (16), but their experiments were invalidated by the use of salts as reference substances with soap solutions. Recently, McBain and Kistler (17) have employed this method to determine the hydration of sucrose in solution. An analogous method, in which the reference substance is allowed to reach a diffusion equilibrium and the distribution is then determined, has been suggested by Weber and Nachlnannsohn (18), Oda (19) , and Eggteton (20) .
A study of the state of the water in a number of systems containing biologically important colloids has been carried out by the ultrafiltration method outlined here. The general ultrafiltration procedure was the same as that described in a previous publication (15) . The two reference substances generally employed were urea and glucose, but a number of salts were also used for this purpose with isoelectric gelatin solutions. The solutions in these experiments, excepting blood sera, were made up by first preparing the crystalloidal constituents in the desired concentration, a portion was set aside for the analysis of the reference substance and to another measured volume the desired amount of the dry colloid was added. The colloidal solution was then subjected to ultrafiltration and the ultrafiltrated liquor was analyzed for the reference substance. In this way, all the analyses were carried out on a basis of equivalent volumes. The Van Slyke gasometric method was used for the urea analysis (21) , and Hanes' (22) modification of the Hagedorn-Jensen method for glucose. The determination of the salts in the ultrafiltrate experiments with isoelectric gelatin was made by conductivity measurement.
The data of the experiments are given in Tables II, III , and IV for solutions of gelatin, casein, and miscellaneous other colloids including blood sere. The column headings in the tables give the content of the colloid, the crystalloidal composition of the solvent, the reference c o m p o u n d u s e d , a n d t h e a n a l y t i c a l f i g u r e s f o r t h e r e f e r e n c e s u b s t a n c e i n t h e o r i g i t m l s o l u t i o n a n d i n t h e u l t r a f i l t r a t e . M o s t l y s m a l l c o n c e n t r at i o n s of r e f e r e n c e s u b s t a n c e w e r e u s e d , p u r p o s e l y , so t h a t t h e o b j e ct i o n c o u l d n o t b e r a i s e d t h a t i n s o m e w a y t h e a m o u n t of r e f e r e n c e substance upset the usual state of the water in the colloidal solutions. The use of urea as a reference substance has been deprecated because it manifests abnormal colligative properties, but since the measurements depend merely on the analysis of the total amount of urea, the objection can have no weight here. If it is accepted that "bound" water loses its usual solvent properties, the figures given in the tables convincingly lead to the conclusion that within the limits of error of the methods of analysis there is no detectable amount of "bound" water in solutions of gelatin, casein, blood sera, glycogen, or starch, dissolved in the solvent mixtures here employed. Here and there an individual experiment may give a different impression, but these are to be set down to analytical errors. One way in which the presence of "bound" water in these experiments might have been concealed is that an adsorption of the reference compound by the colloid takes place in just exactly the right amount to balance the increase in its concentration in the ultrafiltrate due to the "bound" water. But it seems inconceivable that such would be the case with all the colloidal materials, and with the different reference substances of these experiments. Particularly should it be noted that in the gelatin solutions no indication of the presence of consider- able amounts of "bound" water is given by five separate compounds used as reference substances.
The experimental results given reduce the amount of water possibly "bound" by these colloids to a small fraction of a gm. of water per gram of colloid or less. We do not wish to deny that water in these small amounts may be associated with the proteins and the starch and glycogen examined, but the presence of the huge values of "bound" water up to several grams of water to each gram of protein, as listed in Table I for gelatin, is in our eyes not tenable.
These experiments have an important significance for the current theories of the stability of colloidal solutions. The lyophilic colloids, which include most of the biologically important colloids, are largely stable in solution even in an uncharged condition. This stability has been attributed to these colloids being highly hydrated so that the films of the hydrate water prevent the colloids from coalescing when they collide due to the Brownian movement, and thus keep them from flocculating out of the solution. This viewpoint has been most prominently cultivated by Kruyt (23) and his coworkers. With the failure of the hypothesis of a high hydration, it becomes also necessary to revise the theory of stability based upon it. We would propose in its place an extension of the Langmuir-Harkins theory of molecular orientation. Significant in this connection is the following statement taken from a paper published by Langmuir in 1925 (24) : "It is reasonable to assume that the field of force about any particular group or radical in a large organic molecule is characteristic of that group and, as a first approximation, is independent of the nature of the rest of the molecule." It seems plausible then that the nature of the force fields of particular groups and the number of these groups in a lyophilic colloid determine its stability in solution. A preponderance of polar groups would favor dispersion in a polar solvent such as water. Measures that augmented the force fields of the polar groups would increase the stability; e.g., ionization. On the other hand, a decrease in the force fields would decrease the stability. The reagents which are assumed to produce flocculation by dehydration probably act in this way.
